T HE INCREASING incidence of coronary artery disease has provided an intense stimulus for expansion of our present knowledge of the coronary circulation. In the experimental animal laboratory, the electromagnetic flowmeter has proved to be an excellent tool by which one can study dynamic aspects of the coronary circulation. A flowmeter is clearly unsuitable for human investigation; therefore, the search for a simple method of analyzing myocardial blood flow has intensified.
Over technique requires a selective injection of a radioactive inert gas (133xenon or 85krypton) into either coronary artery and is done in conjunction with coronary arteriography. Washout of the isotope is monitored by means of an external gamma-detector, and myocardial blood flow is calculated from the disappearance slope. Since most of the xenon or krypton is excreted through the lungs in one passage, recirculation of the remaining isotope is minimal and does not produce significant radioactivity in surrounding structures.
All of these techniques have proved disappointing because they fail to detect lowered myocardial blood flow in patients with coronary artery disease. The consistent demonstration of normal myocardial blood flow in such patients has understandably created uncertainty about the validity and clinical usefulness of such methods. At best, it appears that these studies can offer reliable estimates of an "average" or total myocardial blood flow but fail to dissect out the component flows that comprise the "average" flow. It is not difficult to envision that with single-curve analysis by single-crystal precordial counting techniques or coronary sinus sampling, small areas of reduced perfusion might be totally obscured by a remaining larger volume of normally perfused myocardium. Such a situation was strongly suggested by a recent report, in which myocardial blood flow was measured by intracoronary injection of xenon during atrial pacing. Conti and associates12 unexpectedly found a greater increase in myocardial blood flow in patients with an ischemic response to pacing than in those who did not manifest ischemia. As the authors point out, it is likely that their "average" myocardial blood flow was dominated by normal regions of myocardium, which probably contract, consume oxygen, and require blood flow to a "supernormal" extent when adjacent myocardial regions become ischemic. saturation of the myocardium with H2. Using these sensitive analytic techniques, the authors were able to demonstrate additional low-flow washout curves, which serves to reemphasize the heterogeneous character of myocardial blood flow, especially in the group of patients with coronary artery disease. The inclusion of these diminished flows alters the calculation of average flow significantly and has permitted the demonstration of a reduced average myocardial blood flow in patients with coronary artery disease.
Since focal myocardial lesions and heterogeneous blood flow patterns are common features of patients with coronary artery disease, the capacity not only to recognize but to localize and quantitate regional impairments of perfusion assumes extreme importance. To this end, we have been engaged during the past few years in the development of a new method which, for the first time, quantitatively analyzes myocardial perfusion in multiple regions of the heart.'4' 15 The technique utilizes a scintillation camera with multiple crystals, each individually collimated. The time-consuming construction of multiple washout curves and calculation of myocardial blood-flow rates are simplified by computer analysis.
Using this approach, we have measured regional flow to the left ventricle, right ventricle, and right atrium in patients with normal coronary arteries. The normal perfusion pattern determined in these subjects agrees closely with several studies in experimental animals in which regional myocardial blood-flow measurements were made with 86Rb or radioactive microspheres.5 1 Currently, several investigators are exploring techniques that measure regional myocardial blood flow with Anger scintillation camera (single crystal with multihole collimation). This scintillation camera has demonstrated the capacity to localize visually the deficits in myocardial perfusion; however, its effectiveness in the quantitative measurements of regional rates of myocardial blood flow will await further study.
The quantitative assessment of perfusion to multiple myocardial regions, in conjunction with coronary arteriography, may have several additional clinical applications, such as (1) assessment of the effectiveness of collateral circulation beyond occlusive lesions, (2) pharmacologic investigation of the influence of drugs in ischemic regions of the heart, (3) study of diseases that may affect the coronary microcirculation, and (4) critical evaluations of surgical procedures proposed to revascularize the myocardium.
This type of approach is essential if we are to further our understanding of mechanisms operative in the pathogenesis and clinical manifestations of coronary artery disease. Data and conclusions from future studies based on methods that determine only an "average" myocardial blood flow should be viewed with caution. Such studies may inadvertently give misleading data, which impede rather than enhance our understanding of coronary artery disease. EDWARD M. DWYER, JR.
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